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[57] ABSTRACT 

A process for producing aromatic polyamides having 
improved nonflammability characteristics in which a 
polyamide substrate is contacted with a gaseous me- 
dium comprising a minor amount of a halooleflnic mate- 
rial and an inert dOuent in the presence of light having 
sufficient energy to effect chemical addition of the ha- 
looiefin to said polyamide substrate. 

7 Claims, No Drawings 
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ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a photochemical 
process for grafting haioolefms onto polyamide sub- 
strates and to products produced there%. 

2. Brief Description of the Prior Art 

In space exploration, extravehicular activity (EVA) 
is essential. Such activity necessarily requires the use of 
high strength fibrous materials from which to fabricate 
garments, carrying bags and the like used in such activ- 
ity. In addition to having the necessary physical proper- 
ties, the materials employed must be flame resistant in 25 
high oxygen atmospheres. In space vehicles, it is com- 
mon to encounter Idghly oxygen enriched atmospheres. 
This is also true of deep sea diving vessels. Thus, for 
example, while many synthetic polymeric materials 
possess suitable mechanical and physical properties 3^ 
which make them ideally suited for the manufacture of 
fabrics useful in space and deep exploration, they 
suffer from the infirmity that they are not sufficiently 
flame retardant and indeed, in many cases, are highly 
flammable in such oxygen enriched environment. 35 

The fiber forming aromatic polyamides such as poly 
(m-phenyleneisophthalamide) are ideally suited in many 
respects for fabrics used in space travel and deep sea 
exploration. However, these materials are not flame 
resistant in highly enriched oxygen atmospheres, i.e. 40 
oxygen contents of around 30% by volume. Heretofore, 
it has been proposed to improve the flame resistance of 
such materials through chemical modiflcation by phos- 
phorylation and haiogenation. However, such treat- 
ments strongly color the fibers and also degrade the 45 
aromatic polyamide thereby reducing many of its me- 
chanical properties. 

It is known that unsaturated monomeric materials can 
be grafted to polymeric substrates using various irradia- 
tion techniques. Examples of such processes can be 50 
found in U.S. Pat. Nos. 2,956,899 to Cline, 3,412,175 to 
Magat et al, and 3,933,607 to Needles et al. Tlie process 
of the Cline patent involves irradiating polymeric sub- 
strates in the presence of a controlled amount of oxygen 
followed by contacting the activated substrate with a 55 
liquid polymerizable monomer. The Magat et al patent 
discloses a grafting technique in which the polymeric 
substrate is cont^ted with a fluorinated monomer in 
the presence of high energy radiation. Die Magat pro- 
cess like the Cline process suffers from the infirmity that 60 
the polymeric substrate must be soaked in the liquid 
monomer or a solution thereof. The Needles et al patent 
discloses the vapor phase photografting of monomers 
onto polymeric substrates but requires a two-step pro- 
cess in which the substrate is first treated with a wetting 65 
agent following which the substrate is contacted with a 
photosensitizer and the monomer in the presence of a 
radiation source. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a novel process for imparting flame retardancy 
to aromatic polyamides in oxygen enriched atmo- 
spheres. 

Another object of the present invention is to provide 
a simple, one-step process for grafting haloolefins onto 
polyamide substrates. 

A further object of the present invention is to provide 
aromatic polyamides having greatly enhanced fire re- 
tardancy. 

Still another object of the present invention is to 
provide polyamides having reduced water wettability 
characteristics. 

Yet another object of the present invention is to pro- 
vide photografted polyamides which show increased 
resistance. 

The above and other objects of the present invention 
will become apparent from the description herein and 
the appended claims. 

In accordance with the above stated objects, the 
present invention provide a method of photochemi- 
cally producing aromatic polyamides containing chemi- 
cally bonded or grafted halocarbon groups, the method 
comprising contacting the aromatic polyamide sub- 
strate, preferably in a sealed chamber, with a gaseous 
medium containing a haloolefinic material, in a minor 
amount, and an inert diluent, while irradiating the aro- 
matic polyamide substrate with radiation of sufficient 
energy to effect chemical bonding or grafting of the 
halooiefin to the substrate. 

The invention also contemplates products produced 
by the above described method, the products consisting 
of the aromatic polyamide substrate having halocarbon 
groups chemically bound to the surface thereof. 

DESCRIPDON OF THE PREFERRED 
EMBODIMENT 

The polyamide substrates which are usable in the 
present invention are the flber-fonning polyamides hav- 
ing an aromatic nucleus as well as an amide linkage as 
an integral part of the polymeric backbone. Typical 
such polyamides include poly (hexamethyiene isoph- 
thalamide), poly (2-methyI hexamethyiene terephthal- 
amide), poly (m-xylylene adipamide) poly (m- 
pheneyleneisophthalamide), etc. It is to be understood 
that copolymers having two or more components, as 
well as polymer and copolymer mixtures of the above 
are also included. Particularly preferred as the polyam- 
ide substrate is poly (m-phenyleneisophthaiamide) sold 
under the trade name NOMEX by the Dupont Com- 
pany. Fibers of NOMEX polyamide have found wide- 
spread use in products aimed for applications in space 
and deep sea exploration. The polyamide substrate can 
be used in virtually any form. Preferably, however, the 
substrate will be in the form of film, fibers, or other such 
preformed shapes which presents a large surface area 
for grafting with the haloolefins. 

The halooiefin materials which are used in the pres- 
ent invention are primarily fluoro containing com- 
pounds having from 2 to 4 carbon atoms. The term 
“haloolefinic material” is intended to include one or 
more individual compounds. Typical of such com- 
pounds include tetrafluoroethylene, bromotrifluoro- 
ethylene, chlorotrifluoroethylene, etc. Particularly pre- 
ferred compounds are tetrafluoroethylene and bromo- 
trifluoroethylene. 
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As indicated above, the haloolefln is present in the 
photografting process of the present invention in gase- 
ous or vapor form. If the haloolefln has a high vapor 
pressure, and accordingly a very low boiling point, 
provision of a gaseous medium presents no problem. 5 
However, in cases where the haloolefln is liquid at am- 
bient temperatures, it may be vaporized either by heat- 
ing or, in the alternative, by entraining vapors of the 
normally liquid haloolefln in an inert gaseous medium 
or other gaseous haloolefln being supplied to the reac- 10 
tion vessel. 

It has been found that the photografting of the poly- 
amide substrate with the haloolefln should be con- 
ducted in the presence of an inert diluent. Suitable inert 
diluents include nitrogen, argon, helium, etc. It is be- 15 
lieved that the inert diluent serves to reduce homopoly- 
merization of the haloolefln and reduces photo-oxida- 
tion effects which would occur if the reaction were 
conducted in the presence of air or other oxygen con- 
taining mediums. Preferably, the gaseous medium com- 20 
prised of the haloolefln and the inert diluent will contain 
a minor amount of the halooleflnic material and espe- 
cially from about 0. 1 to about 25 mole % of the haloole- 
flnic material. More preferably, the haloolefln content 
will be from about 2 to about 15 mole %. A particularly 25 
desirable gaseous medium is provided by a vapor com- 
position containing about 10 mole % of a mixture of 
bromotrifluoroethylene and tetrafluoroethylene, in var- 
ious ratios, in admixture with about 90 mole % nitrogen. 

In general, it has been found that if the gaseous medium 30 
contains a higher percentage of halooleflnic material 
containing bromine, the modifled polyamide substrate 
shows enhanced flame resistance. Thus, in gaseous me- 
diums containing 95% mole nitrogen and 5 mole % 
halooleflnic material in an 80/20 ratio of bromotri- 35 
fluoroethylene to tetrafluoroethylene, respectively, the 
modifled polyamide substrate is found to be self-extin- 
guishing in an oxygen enriched environment, e.g. 31% 
(volume) O 2 , 69% (volume) N 2 at 10 PSIA. In cases 
where the gaseous medium contains higher amounts, 40 
e.g. 10 mole % of the halooleflnic material relative to 
the inert diluent, ratios of tetrafluoroethylene to bromo- 
trifluoroethylene of 80/20, respectively, produce poly- 
amide substrates which are self-extinguishing in an oxy- 
gen enriched environment, e.g. 31% (volume) O 2 , 69% 45 
(volume) N 2 at 10 PSIA. The photografting of the ha- 
looleflnic material to the polyamide substrate involves 
largely surface treatment of the latter. Since virtually 
monomolecular layers of the grafted halocarbon groups 
will achieve changes in the physical properties of the 50 
polyamide substrate, precise amount of the halooleflnic 
material in the gaseous medium can vary quite widely. 
Thus, for example, a very minute amount of the haloole- 
flnic material in the gaseous medium may not be suffi- 
cient to impart the desired degree of nonflammability to 55 
the polyamide substrate in an enriched oxygen atmo- 
sphere. However, such a minute amount might still be 
sufficient to make the polyamide substrate non-water 
wettable. 

In conducting the photografting of the haloolefln to 60 
the polyamide substrate, it is desirable that the pressure 
of the gaseous medium be maintained at between about 
20 mm Hg to about 5 atmospheres. Particularly desir- 
able are pressures in the neighborhood of 400 to 800 
millimeters Hg. It will be appreciated that the precise 65 
pressure employed will depend on the composition of 
the gaseous medium, the temperature, the desired de- 
gree of grafting, etc. 
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Suitable apparatus for carrying out the method of the 
present invention includes a closed chamber which can 
be evacuated using a suitable vacuum source. The 
chamber can also be provided with means to introduce 
the gaseous medium and in this respect can have one 
inlet in which both the inert diluent and the halooleflnic 
material are introduced or two inlets in which the two 
components are introduced separately. Provision 
should be made such that the irradiated surface of the 
polyamide substrate can be maintained at a substantially 
equal distance from the radiation source. Thus, for ex- 
ample, a centrally located source of radiation and means 
for mounting the substrate on the arc line formed with 
a source of light emanating from the center can be used. 
The reaction can be carried out in a batch or continuous 
fashion. In the former case, the substrate would be sus- 
pended in the chamber in the presence of the haloole- 
flnic material for the desired radiation time. In the latter 
case, the substrate would have to be rolled or somehow 
uniformly moved past the radiation source and a system 
provided to maintain the pressure and composition of 
the gaseous medium at some substantially constant 
level. 

The photoaddition of the halooleflnic material to the 
polyamide substrate is effected by irradiating the reac- 
tion chamber containing the substrate and the gaseous 
medium with radiation having sufficient energy to ef- 
fect chemical bonding of the haloolefln to the polyam- 
ide substrate. A suitable source of irradiation comprises 
ultraviolet light having a wave length of about 1800 A" 
or greater. 

It is believed that the photografted process of the 
present invention involves the formation of free radical 
sites on the polyamide substrate followed by the subse- 
quent addition of the unsaturated halogen containing 
compound. The use of relatively low energy radiation, 
i.e. U.V. light, coupled with the vapor phase reaction in 
which the gaseous medium contains a minor amount of 
haloolefln prevents any large scale homopolymerization 
of the haloolefln and, moreover, leads primarily to sur- 
face bonding of the halooleflns to the polyamide sub- 
strate. Restricting the grafting to surface bonding of the 
haloolefln precludes any major structural alteration of 
the polyamide substrate which might interfere with 
mechanical properties such as strength, elongation, 
modulus, tensile, etc. 

In conducting the photoaddition process, the temper- 
ature may vary from 0® to around 150° C. It will be 
appreciated that temperatures sufficient to adversely 
affect the mechanical properties of the polyamide sub- 
strate should be avoided. However, in general, aromatic 
based polyamides are able to withstand temperatures as 
high as 150° C. without noticable loss of physical or 
mechanical properties. Additionally, excessively high 
temperatures may result in unwanted homopolymeriza- 
tion of the haloolefln. The precise temperature em- 
ployed will depend upon the haloolefln used and the 
type of polyamide substrate. Thus for example, in the 
case where the haloolefln had a relatively low vapor 
pressure or is a liquid at room temperature, higher tem- 
peratures would be necessitated in order to maintain the 
haloolefln in the vapor form. 

It will be appreciated that the intensity and time of 
irradiation can vary widely. Thus, at higher intensities, 
the photoaddition process occurrs at a relatively higher 
rate while as the intensity of radiation decreases the rate 
of photoaddition decreases. In general, the time and 
intensity of radiation will be such as to achieve the 
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desired degree of photoaddition of the haloolefin to the 
substrate. 

To more fully illustrate the present invention, the 
following nonlimiting example is presented. 

EXAMPLE 

The polyamide used was NOMEX HT-10-4i woven 
fabric. A length of the polyamide substrate was sus- 
pended in a cylindrical Pyrex reaction vessel having a 
centered quartz sleeve for receiving a Pen Ray ultravio- 
let light. The reaction vessel was heated using a heating 
tape or infra-red lamps. The reaction vessel was evacu- 
ated following which measured amounts of gaseous 
haloolefms as neat or in mixtures of specified ratios was 
introduced alternately with anhydrous nitrogen to a 
specified pressure, temperature, and photolysis time. 
The following reaction parameters were employed; 
Total pressure: 635 mm Hg 
Photolysis time: 2,5 hours 
Temperature: 100® C. 

At the end of the irradiation time, the reaction vessel 
evacuated and air was introduced. The photo- 
grafted fabric samples were washed with fluorotri- 
chloromethane and dried under vacuum for subsequent 
testing. 

Flammability tests were conducted on samples 
(2.5X5 inches) of the various photografted polyamide 
substrates obtained as per the above procedure. The 
flammability tests were conducted in an atmosphere 
comprised of 31% by volume oxygen and 69% by vol- 
ume nitrogen at 10 psia. The results of the fiammability 


self-extinguishing even m mghly oxygen ennched atmo- 
spheres. 

All modified polyamide substrates, whether self- 
extinguishing or not, were found to be substantially 
unwettable as opposed to the untreated polyamide sul^ 
strates which were water absorbent. In addition, the 
treated polyamide substrates are softer and sillder, have 
improved acid resistance and display almost no color 
change. 

Infrared spectroscopic analysis (transmission and 
ATR) failed to show any significant difference between 
the treated and untreated polyamide substrates. This 
lack of any IR absorption for C-F bonds suggest the 
monomolecular-like character of the modified surface. 

Samples of the photografted polyamide substrates 
were treated with 70% sulfuric acid for 80 seconds. 
Using a scanning electron microscope, photomicro- 
graphs were taken of the surface and edge views of the 
acid treated substrates. It was noted from the edge 
views that the un-modified surfaces of the aromatic 
polyamide substrates were strongly etched by the con- 
centrated acids. Those surfaces, of course, were not 
subjected to any photoaddidon of the haloolefin. On the 
contrary, the surfaces of the polyamide substrate which 
had been modified by the photografting were affected 
by the acid at a substantially decreased rate. 

The presence of chemically bonded fluorocarbon 
groups to the surface of the polyamide substrate was 
confirmed by F^^ NMR spectroscopy. Indeed, the 
NMR spectra rule out the possibility ^t the modified 
polyamide substrate contain any significant quantity of 
homopoiymer. 

We claim: 


tests are shown in the table below for various polyamide 
substrates modified using varying (x^mpositions of ha- 35 
iooleflns and nitrogen. 

VAPOR COMPOSITION IN REACTOR 

Mole % • ^ 

Flammability 

Characteristics 

of 

Photografted 

Pol^mide 


Sample No. 

Na 

CaFsBr 

C 2 F 4 

Substrates 

1 

97.5 

2.0 

0.5 

Burned 

2 

95.0 

4.0 

1.0 

SE' 

3 

95.0 

3.0 

2.0 

Bum^ 

4 

95.0 

2.0 

3.0 

Burned 

5 

95,0 

1.0 

4.0 

Burned 

6 

90.0 

8.0 

2.0 

SE 

7 

90.0 

6.0 

4.0 

SE 

8 

90.0 

4.0 

6.0 

SE 

9 

90.0 

2.0 

8.0 

SE 

10 

80.0 

16.0 

4.0 

SE 

n 

80.0 

— 

20.0 

Bumed 


'Self Extinguishing 


As can be seen from the above data, depending on the 


1. A one step method to chemically modify aromatic 
polyamide fibrous products formed of poly-m- 
phenyleneisophthalamide to improve flame resistance 
properties and appearance of the aromatic polyamide 
fibrous product consisting essentially of contacting the 
aromatic polyamide substrate in a chamber with a gase- 
ous medium containing haloolefinic material consisting 
of a mixture of tetrafluoroethylene and bromotrifluoro- 
ethylene and an inert diluent while irradiating said aro- 
matic polyamide with ultraviolet light having sufficient 
energy to effect chemical bonding of said haloolefinic 
material to said aromatic polyamide. 

2. The method of claim 1 wherein said irradiation is 
conducted at a temperature of from about 0®-150® C. 

3. The method of claim 1 wherein said inert diluent 
comprises nitrogen. 

4. The method of claim 1 including placing said sub- 
strate in a closed chamber, evacuating said chamber and 
introducing said gaseous medium into said chamber. 

5. The method of claim 4 wherein the pressure of said 
gaseous medium in said chamber is from about 400 to 
about 800 millimeters Hg. 

6. The method of claim 1 wherein said gaseous me- 
dium comprise from about 0. 1 to about 25 mole % of 
said haloolefinic material. 


type and amount of the haloolefin material in the gase- 7. A product formed by the method of claim 1. 
ous medium, the polyamide substrates can be made 60 


65 



